Diabetes has been characterized by transmuted lipids, hyperglycemia, proteins, and carbohydrates metabolism that can affect the quality of life. Although there are quite several synthetic drugs used in managing this disease, however, due to their side effects, the use of natural sources is imperative. This study focused on the in-vitro inhibitory activity of Vernonia amygdalina leaf grown in Malaysia using both α-amylase and α-glucosidase assays. The quantities of mineral elements in the plant extracts through microwave-assisted and Soxhlet extraction methods were as well examined through inductively coupled plasma mass spectrometry (ICP-MS) analysis. The extract of V. amygdalina leaf showed the highest dose-dependent effect of 97.28 and 98.08% of inhibition at 1.0 mg/mL having IC50 values of 0.51 mg/mL and 0.49 mg/mL against α-amylase and α-glucosidase enzymes, respectively. The inhibitory effects of the extract were higher than acarbose (a standard drug). Moreover, the results showed that higher quantities of mineral elements (potassium, magnesium, and calcium) and a lesser quantity of chromium in the extracts through microwave-assisted extraction (MAE) indicate that the technique possesses a higher capacity in obtaining higher mineral nutrients over Soxhlet extraction and more anti-diabetic activity of the extract. Thus, the extract exhibited an effective anti-diabetic activity which implies that it potentially serves as a natural source for managing diabetes.
. Studies from several parts of the world had observed that V. amygdalina leaf extracts are a promising glucose inhibitor [10] [11] [12] [13] . However, a report had shown that geographical location can affect the yields and bioactivity of plant extracts [14] . V. amygdalina has been identified as one of the medicinal plants used traditionally in Malaysia [15] .
Moreover, the food chain can be affected by the consumption of heavy metals generated from the environment. This can be through soil pollution due to the usage of pesticides, disposal of chemical effluents, chemical fertilizer, and irrigation water [16] . Therefore, it is important to examine the mineral contents in the herbal substances for food safety. Inductively coupled plasma mass spectrometry (ICP-MS) is one of the efficient techniques for quantitatively and qualitatively detect trace elements in a sample. ICP-MS is virtually used in every discipline where inorganic analytical is needed, namely biological, environmental, nuclear, medical, nutritional, and metallurgical studies. The main importance of ICP-MS is that accurate and error-free result can be achieved using isotope-dilution mass spectrometry. It has the multi-elemental ability, low detection limits, long linear dynamic, rapid isotopic analysis, and good precision [17] .
Therefore, this study focused on the in vitro anti-diabetic activity and mineral elements in the extracts from V. amygdalina leaves grown in Malaysia through Soxhlet extraction and microwave-assisted extraction (MAE) methods.
. RESULTS AND DISCUSSION

In vitro anti-diabetic inhibitory activity
Reduction in the blood glucose level is an important way of controlling diabetes issues. Most especially, oral hypoglycemic drugs are used as inhibitors of saccharide-hydrolyzing enzymes (alpha-amylase and amylase-glucosidase) for type II diabetes. Carbohydrate digestion and elongated digestion time are being delayed through the inhibitions of these enzymes, resulting in the reduction of glucose absorption rate and postprandial plasma glucose [18] . The inhibitory activity of V. amygdalina leaf extract against alpha-amylase enzyme is illustrated in Fig. 1a . This result showed that the extract inhibited alpha-amylase in a dose-dependent pattern (0.2-1.0 mg/mL). The highest and lowest inhibitory activities of the extract were recorded at concentrations of 0.2 and 1.0 mg/mL, respectively. There were significant differences between the extracts using optimized MAE and Soxhlet extraction technique, whereby the extracts obtained through optimized MAE showed the highest activity. The lower activities of extracts from Soxhlet extraction might be attributed to the influence of localized heating generated from this method at longer extraction time which can cause a degradation in the phenolic compounds responsible for this activity [19] .
As compared with a standard drug (acarbose) in the same concentration, it can be observed the extract exhibited higher activity compared to the drug which shows the potential inhibitory activity of V. amygdalina leaf grows in Malaysia. However, the IC50 value (Concentration of the extract at 50% inhibitory activity) of V. amygdalina leaf extract was 0.51 mg/mL which is lower to that of acarbose (0.56 mg/mL), indicating higher inhibitory activity of the extract. In a similar, the IC50 value of 8.4 µg/mL and 10.6 µg/mL have been reported for both free and bound phenol extract from V. amygdalina leaf grown in Nigeria [20] . Natural polyphenols have been reported to inhibit the activity of carbohydrate hydrolysing enzymes [21] . This obtained result has displayed the potential use of an extract from V. amygdalina leaf in managing type II diabetes.
Alpha-glucosidase inhibitors have been grouped to be the third category of hypoglycemic agents [22] . The result obtained for in-vitro alpha-glucosidase inhibition of V. amygdalina leaf extract is presented in Fig.  1b . The result showed that the extract exhibited a strong inhibitory effect against alpha-glucosidase enzyme with the higher activity at a dose-dependent of 1.0 mg/mL. Like result obtained for alpha-amylase inhibition, the extract obtained through optimized MAE showed higher efficiency compared to acarbose against alphaglucosidase enzyme with the IC50 values of 0.49 mg/mL and 0.54 mg/mL, respectively. In contrast, the extract obtained through a Soxhlet extraction technique showed lower activity compare to acarbose with an IC50 value of 0.70 mg/mL. This simply means that active components of V. amygdalina leaf extract compete with the substrate in binding to the active site of an alpha-glucosidase enzyme, thus, prevent the breakdown of oligosaccharides to disaccharides [23] . A similar report had been given by Pandithurai et al. whereby the methanolic extract of Spatoglossum asperum showed higher inhibition of 900 µg/mL concentration inhibited alpha-glucosidase enzyme by 96.75% compared to the results of this study [24] . Nevertheless, V. amygdalina leaf also showed higher inhibition effect. This might be due to the presence of higher contents of secondary metabolites in the extract of V. amygdalina leaf as earlier reported [25] . Therefore, the extract from V. amygdalina leaf has potential in managing type II diabetes.
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The strong inhibitory effect of extracts from V. amygdalina leaves supports the findings of Nwanjo where it was reported that the extracts reduced the blood glucose, increased the serum triglyceride levels and serum MDA, increased the LDL-cholesterol, and normalized cholesterol concentrations in streptozocin-induced diabetic rats [26] . In another study on the effect of V. amygdalina leaves extracts on blood glucose of diabetic rats, the results showed that decrease in blood glucose after administration of the extracts may be associated with the presence vitamins, phytochemicals, and other nutrients in the extracts [27, 28] . Thus, the presence of trigonelline and caffeoylquinic acid derivative might be attributed to the anti-diabetic activity of the extracts [29, 30] . 
Elemental analysis of the extracts
The results obtained for mineral elements in the extracts from V. amygdalina leaves using MAE (at optimized conditions) and Soxhlet extraction is shown in Barium (Ba) ppb ND ND * ND implies mineral element that is not detected in the extract since the value is less than 0.1 ppm/ppb.
Amongst all these mineral elements, potassium was present in higher amount while magnesium, calcium and chromium were in moderate concentrations. In contrary, other considered mineral elements were present in trace quantities (below detection limit). In general, the extracts from both plant samples and extraction methods showed a wide variability. Moreover, the concentrations of potassium, magnesium and calcium in the extracts obtained through Soxhlet extraction were lower than that in optimized MAE, this might be attributed to the influence of localized heating generated from Soxhlet extraction that might have caused degradation of phytochemicals in the extracts. However, the chromium concentrations in the extracts from Soxhlet extraction were higher than that in optimized MAE. Chromium is a metallic element that the human body requires a very little amount. It is an indispensable portion of metabolic processes that control blood sugar level and assists the transportation of glucose through into cells, where it can be useful as energy (antidiabetic activity). In addition, chromium appears to be involved in the metabolism of carbohydrate, fat and protein [32] . The presence of this mineral element shows the anti-diabetic activity of both samples as the concentrations were below 50 ppb as stated by Environmental Scientific Perspectives [33] .
The potassium and calcium concentrations in the extracts from V. amygdalina leaves showed their potent in muscle contraction and synthesis of some protein. In addition, calcium helps in blood clotting, teeth and bone development, regulate heart rhythm, and lower blood pressure. Potassium aids the synthesis of metalloproteinase, lipoproteins, nucleoproteins, and chromoproteins that help the contraction of muscles. In addition, magnesium enhances the conversion of excess blood glucose to energy and reduce the level of cholesterol [34] . The presence of an appreciable amount of potassium, magnesium, calcium, and chromium in the extracts through MAE affirmed the advantage over Soxhlet extraction. Thus, it can be deduced that the MAE technique possesses a higher capacity to extract more nutrients from both plant samples compared to Soxhlet extraction. Therefore, the extracts from V. amygdalina leaves using optimized MAE can be potentially used for pharmaceutical and therapeutic purposes. 
. CONCLUSION
This finding investigated the in vitro anti-diabetic activity of V. amygdalina leaf against α-amylase and α-glucosidase enzymes and quantities of 22 selected mineral elements in the extract of V. amygdalina leaf comparing MAE and Soxhlet extraction. The obtained results showed that extract possessed the higher inhibitory activity with IC50 values of 0.51 mg/mL and 0.49 mg/mL of alpha-amylase and alpha-glucosidase enzymes using MAE, respectively as compared to Soxhlet extraction technique. Moreover, the result obtained showed that more mineral elements (potassium, magnesium, and calcium) and a lesser quantity of chromium in the extracts through MAE showed that the technique possesses a higher capacity in obtaining higher mineral nutrients over Soxhlet extraction. The presence of these mineral elements showed that the extract possessed anti-diabetic activity. Thus, the extract obtained through MAE of V. amygdalina leaves can be a potential treatment for different ailments.
. MATERIALS AND METHODS
Collections of plant samples and preparation of extracts
The plant samples used in this study (V. amygdalina leaves) were collected from Gambang, Malaysia. After the leaves were washed in water to eliminate dirt, dried at room temperature until the stable dry weight was achieved. The leaves were then ground and screened through an average particle size of 105 µm mesh. Then, the samples were extracted using both MAE and Soxhlet extraction techniques.
The MAE was performed based on optimal conditions obtained in the previous studies [25] . The powdered sample of V. amygdalina leaves (5 g) was extracted for 4 min using a 50 mL of aqueous ethanol (76% v/v of ethanol concentration) at 70 ºC with microwave power set to 558 W. Preceding individual experimental trial, the extract was filtered and concentrated using a rotary evaporator under vacuum at 50 ºC. The experimental process was repeated thrice, and the plant extracts were kept in a 4 ºC refrigerator prior analyses.
For the Soxhlet extraction, 10 g weighed sample of V. amygdalina leaves was loaded into a thimble placed in the Soxhlet extractor and 200 mL of aqueous ethanol (76% v/v ethanol) was added into a round-bottom flask which was attached to the Soxhlet extractor equipped with a condenser (BST/SXM-6A, Delhi) on a mantle heater. The experiment was carried out for 2 h before the mixture could cool down to room temperature. The mixture was filtered and concentrated using a rotary evaporator. Thereafter, the experimental process was repeated thrice, and the plant extracts were kept in a 4 ºC refrigerator prior analyses.
In vitro anti-diabetic activities
Procedure for the alpha-amylase inhibitory assay
The extract of V. amygdalina leaf was investigated for its anti-diabetic activity using α-amylase inhibitory assay according to the method described in the previous study by [35] . In brief, a mixture of 0.5 mL extract or acarbose at different concentration (200-1000 µg/mL), 0.5 mL of 20 mM sodium phosphate buffer (pH of 6.9) and 0.5 mL of 0.5 mM procaine pancreas alpha-amylase solution was pre-incubated for 10 min at room temperature. Thereafter, 0.5 mL of 1% starch dissolved in 20 mM sodium phosphate buffer solution was mixed to the mixture after pre-incubation. Dinitrosalicylic (DNS) acid colour reagent of 1.0 mL was then added to the mixture to terminate the reaction. The mixture was left to incubate for 5 min in a water bath operated at 90 ºC and allowed to cool down before diluting the mixture with 5 mL of distilled water. Then, the absorbance at 540 nm was recorded using a UV-Vis Spectrophotometer. The α-amylase inhibitory activity was evaluated using (Eq. 1) by comparing the readings from the sample mixture with control (a mixture of alpha-amylase solution and sodium phosphate buffer). The blank was sodium phosphate buffer. where Acontrol represents alpha-amylase and phosphate buffer solution mixture; and Asample denotes alphaamylase solution, phosphate buffer, and sample extract mixture.
Procedure for the alpha-glucosidase inhibitory assay
The alpha-glucosidase inhibitory capacity of extract from V. amygdalina leaf was observed according to the procedure explained by [35] . In brief, a mixture of 0.05 mL extract or acarbose at different concentration (200-1000 µg/mL) and 0.1 mL of 1.0 U/mL alpha-glucosidase solution was pre-incubated at room temperature for 10 min. Afterwards, 0.05 mL of 3.0 mM p-nitrophenyl glucopyranoside dissolved in 20 mM phosphate buffer (pH of 6.9) was mixed with the mixture. Then, the mixture was incubated for 20 min at 37 ºC and the reaction was ended through the addition of 0.5 mL of 100 µM sodium carbonate. Then, the absorbance was read at 405 nm using a UV-Vis Spectrophotometer. The alpha-glucosidase inhibition was evaluated using (Eq. 2) by comparing the readings from the sample mixture with control (a mixture of alpha-glucosidase solution and phosphate buffer). The blank was phosphate buffer.
-glucosidase 100%
control sample
where Acontrol represents alpha-glucosidase and phosphate buffer solution mixture; and Asample denotes the alpha-glucosidase solution, phosphate buffer, and sample extract mixture.
ICP-MS analysis of the plant extracts
The quantities of mineral elements (K, Na, Mg, Mn, Cr, Ca, Zn, Fe, As, Cu, Cd, Se, Be, Al, Co, V, Pb, Ni, Mo, Ag, Sb, and Ba) in V. amygdalina leaf extracts for both MAE and Soxhlet method were determined using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS 7500, Agilent, US) analysis. The methodology described in a previous study was employed [16] . In brief, calibration solution was prepared using the multielement standard solution from which the concentration ranging from 0-50 ppm of standard solution was utilized to prepare a calibration curve, the blank was taken to be 2% of nitric acid (HNO3). The aqueous plant extract was injected into the ICP-MS nebulizer and spray chamber. Then, the extract was dried, atomized, ionized, and vaporized, within the plasma chamber containing varied heating zones. The compositions of mineral elements in the plant samples were acquired from the transfiguration of the aqueous plant sample into positively charged ions and excited atoms.
